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CLAIMS 



[Claim(s)] 

[Claim l] A formation method of an 
insulator layer characterized by 
calcinating the above-mentioned 
spreading mold insulator layer in an 
ambient atmosphere in which an oxygen 
density was reduced in case a spreading 
mold insulator layer of an inorganic 
system including Si-H coupling is formed. 
[Claim 2] A formation method of an 
insulator layer according to claim 1 
characterized by setting an oxygen 
density at the time of calcinating said 
spreading mold insulator layer to 3 ppm 
or less. 

[Claim 3] A formation method of an 
insulator layer according to claim 1 
characterized by reducing an oxygen 
density by decompressing an ambient 
atmosphere in a firing furnace in case 
said spreading mold insulator layer is 
calcinated. 

[Claim 4] A formation method of an 
insulator layer according to claim 1 
characterized by reducing an oxygen 
density by replacing an ambient 
atmosphere in a firing furnace with inert 
gas in case said spreading mold insulator 
layer is calcinated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[The technical field to which invention 
belongs] Especially this invention relates 
to the formation method of the new 
insulator layer which made it possible to 
reduce a dielectric constant, attaining 
flattening of the insulator layer used for a 
semiconductor device etc. about the 
formation method of an insulator layer. 
[0002] 

[Description of the Prior Art] In the 
semiconductor device, close is coming to 
the generation of a subhalf micron with 
high integration from the generation who 
detailed-ization of a design rule is 
progressing increasingly and is a present 
and half micron. However, if a design rule 
is made detailed, the working speed of a 
device will fall by the increment in 
capacity during wiring. Therefore, it is 
becoming an important technical problem 
to reduce the capacity during wiring as 
detailed-ization of a design rule 
progresses. 

[0003] And in order to reduce the capacity 
during wiring, it is effective to make low 
the dielectric constant of the insulator 
layer allotted between wiring. Then, with 
the semiconductor device to which 
detailed-ization of a design rule 
progressed, the SiOF film which added 
the fluorine atom is increasingly used for 
silicon oxide in recent years as an 
insulator layer allotted between wiring. 
SiOx which is the insulator layer 
currently used widely conventionally The 
specific inductive capacity epsilon of this 
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SiOF film is about 3.5 to the membranous 
specific inductive capacity epsilon being 
about 3.9. Therefore, it is possible by 
using a SiOF film to reduce the capacity 
during wiring and to improve the 
working speed of a semiconductor device 
as an insulator layer allotted between 
wiring. 
[0004] 

[Problem(s) to be Solved by the 
Invention] SiOx for which the SiOF film 
is used from the former as mentioned 
above from - compared with the 
becoming insulator layer, a dielectric 
constant is comparatively alike and low. 
However, even if it is a SiOF film, specific 
inductive capacity epsilon is about 3.5, 
and cannot fully serve as an insulator 
layer of a low dielectric constant in a 
generation's semiconductor device with 
which detailed-ization of a design rule 
progressed more. Furthermore, it sets to 
film stress, leakage current, 
hygroscopicity, etc., and a SiOF film is 
SiOx. In order are inferior to a film, for 
example, to use as an interlayer 
insulation film independently, reliability 
is inadequate over a long period of time. 
Therefore, a reliable insulator layer is 
desired more with the low dielectric 
constant as an insulator layer used for a 
generation's semiconductor device with 
which detailed-ization of a design rule 
progressed more. 

[0005] Moreover, a dielectric constant is 
not only low, but such an insulator layer 



is expected for it to be possible for 
precision to improve a front face 
flattening. 

[0006] This invention is proposed in order 
to solve such a technical problem, and it 
aims at offering the formation method of 
the insulator layer which can form the 
insulator layer of a low dielectric 
constant evenly more so that the working 
speed of a device may not fall, even if it 
makes a design rule detailed and 
advances high integration. 
[0007] 

[Means for Solving the Problem] In case a 
formation method of an insulator layer 
concerning this invention completed in 
order to attain the above-mentioned 
object forms a spreading mold insulator 
layer of an inorganic system including 
Si-H coupling, it is characterized by 
calcinating the above-mentioned 
spreading mold insulator layer in an 
ambient atmosphere in which an oxygen 
density was reduced. Here, an oxygen 
density at the time of calcinating a 
spreading mold insulator layer sets to 
about 100 ppm or less, and may be 3 ppm 
or less more preferably. 
[0008] In addition, what is necessary is to 
decompress an ambient atmosphere in a 
firing furnace, or for inert gas just to 
replace an ambient atmosphere in a 
firing furnace in a formation method of 
the above-mentioned insulator layer, in 
order to reduce an oxygen density, in case 
a spreading mold insulator layer is 
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calcinated. 

[0009] By formation method of the 
above-mentioned insulator layer, since a 
spreading mold insulator layer is 
calcinated in an ambient atmosphere in 
which an oxygen density was reduced, an 
amount of oxygen contained in a formed 
insulator layer is stopped low. And as for 
a value of a dielectric constant, a 
direction with few oxygen contents to a 
spreading mold insulator layer of an 
inorganic system including Si-H coupling 
becomes small. Therefore, according to a 
formation method of the above-mentioned 
insulator layer, an insulator layer with a 
small dielectric constant can be formed. 
[0010] 

[Embodiment of the Invention] Hereafter, 
the example which applied this invention 
for aluminum wiring of the 1st layer of a 
semiconductor device to formation of a 
wrap interlayer insulation film is 
explained to details as a gestalt of the 
concrete operation which applied this 
invention, referring to a drawing. In 
addition, it cannot be overemphasized 
that it is possible to change conditions etc. 
into arbitration in the range which this 
invention is not limited to the following 
examples and does not deviate from the 
summary of this invention. Although an 
example of a semiconductor device is 
especially given by the following 
explanation, this invention can change 
the structure of a semiconductor device 
etc. into arbitration about the formation 



method of an insulator layer. 
[0011] First, in case a semiconductor 
device is produced with the application of 
this invention, as shown in drawing 1 , an 
interlayer insulation film 2 is formed on 
the silicon substrate 1 in which elements 
(not shown), such as a transistor, were 
formed beforehand, and the lst-layer 
wiring 3 with which line breadth tl 
consists of aluminum 0.5 micrometers 
and whose space t2 between wiring are 
0.5 micrometers is further formed on this 
interlayer insulation film 2. 
[0012] next, it is shown in drawing 2 as 
-- wiring 3 -• conformal one - a wrap 
like - SiOx from - the becoming 
insulator layer 4 is formed. Here, by 
making TEOS (Si4 (OC two H5)), i.e., a 
tetra ethoxy silane, into material gas, an 
insulator layer 4 is formed by the 
chemical vapor deposition using the 
plasma, i.e., a plasma CVD method, so 
that step coverage may become good, and 
thickness may be set to 300nm. 
[0013] next, it is shown in drawing 3 - as 

SiOx from -■ the spreading mold 
insulator layer 5 is further formed by the 
formation method of the insulator layer 
which applied this invention on the 
becoming insulator layer 4. Here, the 
spreading mold insulator layer 5 is an 
SOG (Spin On Glass) film with possible 
precision improving a front face 
flattening formed by the spin coat method. 
[0014] In case this spreading mold 
insulator layer 5 is formed, the spin coat 
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of the insulator layer material is first 
carried out on a silicon substrate 1. With 
the gestalt of this operation, first, the 
silicon substrate 1 was rotated for 1.5 
seconds by 500rpm, the silicon substrate 
1 was rotated for 15 seconds by 2000rpm 
as Maine spin after that as PURISUPIN, 
and the spin coat of the insulator layer 
material was carried out. Si02 among 
M FOx(es) M by Toray Industries Dow 
Corning which is the materials of the 
inorganic system which includes Si H 
coupling in an insulator layer material 
here Conversion concentration used 
FOxl5 which is 15%. This FOx calls the 
chemical name of Si compound which is a 
principal component hydro gene 
silsesquioxane. in addition, the material 
of an inorganic system with which this 
insulator layer material includes Si-H 
coupling • it is - ****ing - for example, 
Tokyo adaptation - shrine "T-10" etc. is 
usable. 

[0015] Next, an insulator layer material 
allots the silicon substrate 1 by which the 
spin coat was carried out on a hot plate, 
and performs a PURIBE king. In the 
gestalt of this operation, as this PURIBE 
king, it baked for 1 minute at 150 degrees 
C, next baked for 1 minute at 200 degrees 
C first, and baked for 1 minute at 300 
degrees C further. 
[0016] Next, in order to make an 
insulator layer material cause 
crosslinking reaction, after introducing 
the silicon substrate 1 which the PURIBE 



king completed in the firing furnace and 
reducing the oxygen density in the 
ambient atmosphere in a firing furnace, 
this insulator layer material is calcinated. 
The gestalt of this operation performed 
baking for 60 minutes at 400 degrees C, 
after setting the oxygen density in an 
ambient atmosphere to 3 ppm or less by 
decompressing the ambient atmosphere 
in a firing furnace to 5xl0 3Torr. In 
addition, although the oxygen density in 
a firing furnace was reduced by 
decompressing here, it is N2 all over a 
firing furnace. You may make it lower the 
oxygen density in a firing furnace by 
replacing the ambient atmosphere in a 
firing furnace for inert gas, such as gas 
and helium gas, by the large quantity 
with a sink and inert gas. 
[0017] Of the above process, the 
spreading mold insulator layer 5 of an 
inorganic system including Si H coupling 
is formed. And with the gestalt of this 
operation, the specific inductive capacity 
epsilon of this spreading mold insulator 
layer 5 was set to about 2.7. This value is 
a very low value which is like [ which can 
fully reduce the capacity during wiring ] 
also in the semiconductor device of the 
generation of 0.25 micrometer rule, and 
the generation of 0.18- micrometer rule 
which is that next generation further. 
That is, by forming a spreading mold 
insulator layer with the application of 
this invention, it is possible to reduce the 
capacity during wiring, consequently the 
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working speed of a semiconductor device 
can be improved substantially. 
[0018] Moreover, since the spreading 
mold insulator layer 5 of an inorganic 
system including Si-H coupling is 
excellent in film stress, leakage current, 
hygroscopicity, etc., reliability is acquired 
by using this spreading mold insulator 
layer 5 over a long period of time 
[ sufficient ]. And flattening is improved 
the front face by precision as the 
spreading mold insulator layer 5 formed 
by the spin coat method in this way was 
mentioned above. 

[0019] and after the spreading mold 
insulator layer 5 is formed as mentioned 
above, it is shown in drawing 4 as ■- the 
spreading mold insulator layer 5 top • 
SiOx from - the becoming insulator layer 
6 is formed. Here, by the plasmaCVD 
method, by making TEOS into material 
gas, this insulator layer 6 is formed so 
that thickness may be set to 400nm. 
[0020] It means that formation of an 
insulator layer 4, the spreading mold 
insulator layer 5, and an insulator layer 6 
is completed, and the interlayer 
insulation film 7 with which flattening of 
the front face was carried out with the 
wrap in wiring was formed by this of the 
above process. And a semiconductor 
device will be completed after these 
processes through the process which 
forms in an interlayer insulation film 7 
opening for making connection between 
wiring 3 and the wiring formed at an 



after process on an interlayer insulation 
film 7, the process which forms wiring 
further on an interlayer insulation film 7. 
[0021] in addition - the example of this 
semiconductor device - the spreading 
mold insulator layer 5 - up and down 
SiOx from - although the becoming 
insulator layers 4 and 6 were formed, in 
case these insulator layers 4 and 6 are 
formed, a fluorine is added to material 
gas, and it is good also considering these 
insulator layers 4 and 6 as a SiOF film. 
Thus, when the insulator layers 4 and 6 
in which the spreading mold insulator 
layer 7 is formed up and down are used as 
a SiOF film, the dielectric constant of 
these insulator layers 4 and 6 is SiOx. 
Since it is stopped lower than a film, the 
capacity during wiring can fall further 
and can improve the working speed of a 
semiconductor device further. 
[0022] Moreover, although insulator 
layers 4 and 6 were formed in the upper 
and lower sides of the spreading mold 
insulator layer 5 and the interlayer 
insulation film 7 was made into the 
three-tiered structure in the example of 
this semiconductor device This interlayer 
insulation film 7 is good also as an 
interlayer insulation film of the two-layer 
structure which omitted formation of the 
upper insulator layer 6 and formed the 
spreading mold insulator layer 5 on the 
insulator layer 4, or good also as an 
interlayer insulation film of the two-layer 
structure which omitted formation of the 
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lower layer insulator layer 4, and formed 
the insulator layer 6 on the spreading 
mold insulator layer 5. 
[0023] Next, the oxygen density at the 
time of baking is changed, two or more 
spreading mold insulator layers are 
formed, and the result of having 
investigated those membraneous 
qualities is explained. In addition, the 
membrane formation conditions of the 
next spreading mold insulator layer 
presupposed that it is the same as the 
membrane formation conditions of an 
above-mentioned spreading mold 
insulator layer except having changed 
the oxygen density at the time of baking. 
And the membraneous quality of the 
formed spreading mold insulator layer 
was investigated by measuring a 
Fourier-transform-infrared-spectroscopy 
(FT-IR) spectrum. A result is shown in 
drawing 5 . 

[0024] In this drawing 5 , as an example 
of a comparison, Spectrum A only 
prebakes and shows FT-IR spectrum of 
the spreading mold insulator layer 
formed without calcinating. Moreover, 
Spectrum B shows FT-IR spectrum of the 
spreading mold insulator layer calcinated 
as 1st spreading mold insulator layer 
after decompressing the ambient 
atmosphere in a firing furnace to 
5xl0 3Torr. Moreover, Spectrum C is N2 
in a firing furnace as 2nd spreading mold 
insulator layer. Gas is introduced by the 
flow rate of 2000sccm(s), and it is an 



ambient atmosphere in a firing furnace 
N2 FT-IR spectrum of the spreading mold 
insulator layer calcinated after gas 
replaced is shown. Moreover, Spectrum D 
is N2 in a firing furnace as 3rd spreading 
mold insulator layer. Gas is introduced by 
the flow rate of 400sccm(s), and it is an 
ambient atmosphere in a firing furnace 
N2 FT-IR spectrum of the spreading mold 
insulator layer calcinated after gas 
replaced is shown. Moreover, Spectrum E 
shows FT IR spectrum of the spreading 
mold insulator layer calcinated as 4th 
spreading mold insulator layer in the 
condition [ that the ambient atmosphere 
in a firing furnace continues being 
atmospheric air ]. 
[0025] Here, since the ambient 
atmosphere in a firing furnace is fully 
decompressed in case the 1st spreading 
mold insulator layer is calcinated, the 
oxygen density in a firing furnace is 3 
ppm or less. Moreover, also in case the 
2nd spreading mold insulator layer is 
calcinated, the ambient atmosphere in a 
firing furnace is N2. Since it is replaced 
by gas, the oxygen density in a firing 
furnace is low. However, at the flow rate 
of N2 gas of this level, the ambient 
atmosphere in a firing furnace is N2. It is 
not necessarily thoroughly replaced by 
gas and the oxygen density in a firing 
furnace is a little high compared with the 
time of baking of the 1st spreading mold 
insulator layer. Moreover, also in case the 
3rd spreading mold insulator layer is 
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calcinated, it is N2 in a firing furnace. 
Although gas is introduced, it is N2 at 
this time. Since there are few flow rates 
of gas, the oxygen density in a firing 
furnace is not not much low. 
[0026] As shown in this drawing 5 , and 
the peak of Si-H in FT IR spectrum If the 
height of the Si-H peak in wave number 
2250cm- 1 of the spreading mold insulator 
layer which is not calcinating by 
changing depending on the oxygen 
density at the time of baking is set to 100 
In the height of the Si-H peak in 54 and 
the 3rd spreading mold insulator layer, 
the height of the Si-H peak in 27 and the 
4th spreading mold insulator layer is 
t the height of the Si-H peak in the 1st 
spreading mold insulator layer / the 
height of the Si-H peak in 97 and the 2nd 
spreading mold insulator layer ] 29. 
[0027] It turns out that the direction of 
the spreading mold insulator layer which 
made the oxygen density lower and 
calcinated it from this result has a large 
Si H peak, and has many Si-H coupling. 
And in the spreading mold insulator 
layer of an inorganic system including 
Si-H coupling, it has many Si H coupling, 
and the amount of moisture absorption is 
[ way ] small, and it becomes a film with a 
low dielectric constant. Therefore, the 
direction which made the oxygen density 
lower and calcinated it can make low the 
dielectric constant of a spreading mold 
insulator layer. Specifically, the specific 
inductive capacity epsilon of the 1st 



spreading mold insulator layer which the 
oxygen density calcinated under the very 
low ambient atmosphere was about 2.7. 
That is, it is possible by setting the 
oxygen density at the time of baking to 3 
ppm or less to lower substantially the 
dielectric constant of the spreading mold 
insulator layer formed. In addition, the 
inclination for a dielectric constant to 
become lower has the decline in such a 
dielectric constant as it begins to be 
generated [ from ] and an oxygen density 
falls rather than this, when the oxygen 
density at the time of baking is less than 
100 ppm. 

[0028] On the other hand, when an 
oxygen density calcinates under a high 
ambient atmosphere, Si-H coupling of a 
spreading mold insulator layer will 
decrease, and Si-OH association will 
increase so that it may understand also 
from a Si-OH peak appearing in about 
[ 3700cm wave number of drawing 5 to / 
1]. 

[0029] Here, 

temperature - programme d - de sorption gas 
analysis (TDS) is performed to drawing 6 
about each spreading mold insulator 
layer, and the result of having measured 
the degasifying wave surface ratio of 
moisture is shown, the spreading mold 
insulator layer formed without 
calcinating only by the measurement 
result A prebaking in this drawing 6 - 
the measurement result B -- the 1st 
spreading mold insulator layer - as for 
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the measurement result D, the 
measurement result C shows [ insulator 
layer / 2nd / spreading mold ] the TDS 
property about the 4th spreading mold 
insulator layer about the 3rd spreading 
mold insulator layer, as for the 
measurement result E. 
[0030] When an oxygen density calcinates 
under a high ambient atmosphere so that 
this drawing 6 may also show, the 
amount of moisture absorption of a 
spreading mold insulator layer increases. 
And if the amount of moisture absorption 
increases in this way, the dielectric 
constant of a spreading mold insulator 
layer will become high. Specifically, the 
specific inductive capacity epsilon of the 
3rd spreading mold insulator layer which 
the oxygen density calcinated under the 
ambient atmosphere which is not not 
much low was 4. 1. This is N2. It is 
because the oxygen by which the flow 
rate of gas was contained in atmospheric 
air with the 400sccm degree is not fully 
replaced, so the oxygen which remained 
in the firing furnace, and SrH in a 
spreading mold insulator layer react, and 
Si-OH association increases, 
consequently the amount of moisture 
absorption increases and a dielectric 
constant increases. 
[0031] 

[Effect of the Invention] It is possible to 
stop low the amount of the oxygen 
contained in an insulator layer, and to 
make a dielectric constant small by 



calcinating an insulator layer by the 
formation method of the insulator layer 
concerning this invention in the ambient 
atmosphere in which the oxygen density 
was reduced so that clearly from the 
above explanation. 

[0032] Therefore, even if a design rule 
makes it detailed by forming the 
insulator layer during wiring of a 
semiconductor device etc. with the 
application of this invention, it becomes 
possible to reduce the capacity during 
wiring, consequently the working speed 
of a device can be improved. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is the cross section in 
which showing the manufacturing 
process of a semiconductor device one by 
one, and showing the condition that an 
interlayer insulation film and wiring 
were formed on the silicon substrate. 
fDrawing 2] It is the cross section in 
which showing the manufacturing 
process of a semiconductor device one by 
one, and showing the condition that the 
insulator layer was formed so that wiring 
might be covered. 

[Drawing 31 It is the cross section in 
which showing the manufacturing 
process of a semiconductor device one by 
one, and showing the condition that the 
spreading mold insulator layer was 
formed on the insulator layer. 



[Drawing 41 It is the cross section in 
which showing the manufacturing 
process of a semiconductor device one by 
one, and showing the condition that the 
insulator layer was formed on the 
spreading mold insulator layer. 
[Drawing 51 It is drawing showing FT IR 
spectrum of a spreading mold insulator 
layer. 

[Drawing 61 It is drawing showing the 
TDS property of a spreading mold 
insulator layer. 
[Description of Notations] 

1 Silicon Substrate 

2 Interlayer Insulation Film 

3 Wiring 

4 Insulator Layer (SiOx) 

5 Spreading Mold Insulator Layer (SOG) 

6 Insulator Layer (SiOx) 

7 Interlayer Insulation Film 



